Global warming is unequivocal, and since 1950s, many of the observed changes are unprecedented over decades to millennia. The atmosphere has warmed (0.85 o C over the period 1883 to 2012). Glaciers have continued to shrink almost worldwide. The amounts of snow and ice have diminished. The Greenland and Antarctic ice sheets have been losing mass. The sea level has risen and on a global scale, the ocean warming is largest near the surface, and the upper 75 m warmed by 0.11°C per decade over the period 1971 to 2010. The increase in greenhouse gas (GHG) emissions, driven largely by economic and population growth, together with other anthropological drivers have caused changes in climate system. Continued emission of greenhouse gases is expected to cause further warming and changes in the climate system increasing the possibilities of severe and irreversible impacts for people and ecosystem. Surface temperature is projected to rise over the 21 st century (0.3 to 1.7 o C) and it is likely that heat waves will occur more frequently and last longer. The global ocean will continue to warm during the 21st century, with the strongest warming projected for the surface in tropical and Northern Hemisphere subtropical regions. The global glacier volume excluding glaciers on the periphery of Antarctica (and excluding the Greenland and Antarctic ice sheets) is projected to decrease by 15 to 55%. 1 Therefore, limiting climate change would need substantial and sustained reduction in greenhouse gas emissions through adaptation and mitigation strategies. These include innovation and investment in environmentally sound technologies and infrastructure, sustainable livelihoods and behavioural and lifestyles choices as well as effective institutions and governance.
Glaciers melting, which contribute 70 percent of the water in river flows, could lead to fluctuations in water availability in the Indus Basin. The changing climate is evident from: (i) rising temperature; (ii) increased intensity and frequency of floods and droughts; and (iii) changing annual precipitation and seasonal patterns. Temperatures and rainfall levels are also projected to increase in Pakistan, leading to a mean temperature increase of 1.4-3.7oC by 2060 (higher than the expected global average). This will likely increase the frequency of extreme event. 3. Pakistan ranks relatively low among global emitters both on total Greenhouse Gas (GHG) emission (31 st ) and per capita GHG emission basis (135 th ) 5 contributing 0.8 percent (369 million tons of carbon dioxide equivalent). 6 Total GHG emission increased from 182 mtCO2 equivalent in 1994 to 309.2 mtCO2 in 2008 and 369 mtCO2 equivalent in 2012. 7 The GHG emission increased by 2.9 percent annually while GDP grew at annual growth rate of 3.8 percent (Figure 1 ). 
Figure 1: GDP and GHG emissions in Pakistan

4.
The sectoral shares in total GHG emission includes 45.9 percent from energy, 44.8 percent from agriculture and livestock sector (78 percent of total agriculture sector), 3.9 percent share of Industrial processes and 2.6 percent share of land use change for forestry sectors (Figure 2 ). CO2 = carbon dioxide, GHG = greenhouse gas, LUCF = land use change for forestry 5.
Pakistan GHG emission is lower than most of its neighboring countries. Pakistan's per capita GHG emission is 0.90 MtCO2 compared with 1.74 MtCO2 in India and 8.28 MtCO2 in Iran, but nearly three times Afghanistan (0.30 MtCO2) and nearly twice of Bangladesh's emission (0.46 MtCO2). However, the combined contribution of the energy and agricultural sectors to national emissions is similar across Pakistan, India, and Iran. Pakistan's energy and agricultural sectors account for 85 percent of total national emissions. Figure 3 shows main sources of GHG emissions in Pakistan's agriculture sector. 6.
If the GHG emission intensity for these sectors maintains this trend, it will double by 2020 compared to emission in 2008 and increase by around 14 times by 2050 (see Table 2 ). 8 
7.
The climate change findings, based on Pakistan Metrological Department (PMD)'s computed temperature and precipitation change for different regions from 2011 to 2050, shows a maximum rise in the northern areas of Pakistan, central and south Punjab, and lower parts of Khyber Pakhtunkhwa Province. However, mixed trends are projected for precipitation over different regions of Pakistan. Table 3 shows the region-wide changes in temperature and precipitation over Pakistan. 9 PMD's time series from 2010 to 2099 climate change scenarios (May 2015) show a 3 o C-5 o C rise in mean temperature under the Representation Concentration Pathways (RCP). The rainfall is highly variable. Sea level rose (SLR) by 1.1 mm/year during the past century. Intergovernmental Penal on Climate Change (IPCC)-5 has projected a global mean SLR of 0.2-0.6 meter by the end of this century and for South Asia ranges between 0.42-1.42 meters. 
III. The Indus Basin
8.
The River Indus 10 is a major trans-boundary river in Asia 11 with nine tributaries. 12 Based on the stream hydrology and morphology, the Indus River can be broadly divided into three segments: (i) the upstream segment, from the Singi Khahad spring down to Jinnah Barrage; (ii) the midstream segment, between Jinnah and Guddu barrages; (iii) and the downstream segment, from Guddu Barrage to the Arabian Sea. The upstream segment is largely a hilly catchment area; the midstream segment is an upper floodplains area dominated by a braided pattern of channels and tributary inflows; and the downstream segment is a lower floodplains area and has a flat topography, a meandering channel pattern and deltas. The upper Indus Basin catchment is further 10 The Indus River is about 2,800 kilometres (km) long, with 2,682 km in Pakistan. Its alluvial plain area is about 207,200 km2, while its deltaic area is about 20,000 km2. It originates in the Tibetan tableland at Singi Kahad spring, on Kailas Parbat (mountain) near Mansarwar Lake. It then passes through the Himalayan range, and collects runoff from the Hindu Kush and Sulaiman ranges. sub-divided into four zones based on basin's geophysical and hydro-climatic characteristics: 13 zone one -more than 5,500 m asl; zone two -4,500-5,500 m asl; zone three, 3,000-4,000 m asl; and zone four, 1,000-3,000 m asl.
9.
Indus Basin Irrigation System (IBIS), with three major multipurpose storage reservoirs (Mangla, Tarbela and Chasma), 19 barrages, 12 inter-river link canals, 45 major irrigation canal commands (about 56,000 km) and more than 120,000 km of watercourses in tandem with vast and growing process of groundwater extraction through private tubewells delivering water to farms and other productive uses, is the backbone of the country's agricultural economy (see Figure 4 ). 
10.
The agriculture sector employs approximately 42.3% of the country's labor force and contributes 19.5% of GDP 14 , of which 8.8% and 11.4% is shared by the crop and livestock subsectors respectively. In addition, the sector contributes about 80% of the country's foreign exchange earnings mainly from textile sector exports (62%) e.g. cotton. Another 18% comes from the export of raw and processed agriculture, livestock, and fisheries commodities. The threat of climate change has harsh socio-economic implications, particularly on the country's agricultural production systems. For those living in the Punjab and Sindh provinces (accounting for 101.4 and 56 million people, respectively -also known as Pakistan's food basket), a change in climate will mean a change in food security situation and social and economic wellbeing.
11.
With rapid population growth and urbanization occurring in the country, the abovementioned climatic impacts on food production may result in decreased yields which would cause both national and household food insecurities, increased levels of extreme poverty and subsequent increases in climate vulnerability, if appropriate measures are not in place. It is widely recognized that rural societies in Pakistan would be further undermined by extreme weather events such as floods 15 and droughts 16 , as these occurrences are expected to rise. The impact of climate change will also aggravate the existing social inequalities of resource use and intensify social factors leading to instability, conflicts, displacement of people and changes in migration patterns.
V.
Water Sector Challenges in Pakistan
12.
Notwithstanding increase in availability of water, the water sector of Pakistan is facing serious challenges. 17 These challenges include: (i) Pakistan's dependence on a single river system and does not enjoy multiplicity of river basins and diversity of water resources like India, therefore it cannot mobilize additional water intervention than what it has now; (ii) the delta, deprived of the water and silt, is degrading fast in addition to large scale uncontrolled pollution of surface and groundwater from increasing quantities of pesticides as well as fertilizers used in agriculture and sewage; (iii) laisser-faire approach to ground water mining for agriculture for the past fifty years is now showing signs of over-exploitation, accumulation of salt in the system and effect on quality of water; (iv) climate change is affecting western glaciers on which Indian Basin depends heavily which will cause flooding and drainage problems especially in the lower parts of the basin; (v) Pakistan's water infrastructure is in poor shape as it is not financially sustainable because of low user charges and require effective Asset Management Plan; (vi) Pakistan has little water storage capacity of only 150 cubic meters per capita against 5000 cubic meters in the United States and 3000 cubic meters in China 18 ; (vii) per capita availability of water in Pakistan is well below Afghanistan, India, Bangladesh and Somalia 19 and this stress is likely to worsen further in view of growing population, urbanization and stagnant supply; 20 and (viii) demand for water is likely to reach 267 million MAF by 2025, whereas supply would remain stagnant at around 150 MAF (barring the impact of the climate change), resulting in a gap of approximately 117 MAF. 21
13.
Pakistan is already facing variations in average water flows in the rivers ( 
14.
Groundwater.-The underlying aquifer covers about 16 million ha (Mha) of surface area, of which 6 Mha are fresh and the remaining 10 Mha are saline. 23 The volume of usable ground water in storage is 2.470 billion cubic meter (BCM). The safe yield is estimated for agriculture, domestic and industrial sectors is about 68 BCM whereas the extraction is already approaching to about 51 BCM. 24 The gap between crop water requirements and surface water availability is met through groundwater leading to rapid expansion of private tube-wells. Currently, around 1.355 million small capacity private tube-wells are operating in Pakistan, out of which 1.02 million 25 are located in Punjab, extracting 52 BCM of groundwater. 26 These tube-wells (exclusively) and combined with canal water irrigated 19 percent and 42 percent of cultivated land, respectively, in Pakistan accounting for more than 60 percent of farm gate water. 27 This uncontrolled and unregulated extraction of groundwater in excess of recharge is lowering the water tables making groundwater inaccessible in 5 percent and 15 percent of the irrigated areas of Punjab and Balochistan provinces, respectively, which are likely to reach 15 and 20 percent if the current trend continues.
15.
It is also causing increase in the salt-affected soils to more than five million hectares, over 22 percent of Pakistan's irrigated lands. The quality of groundwater ranges from fresh (salinity less than 1000 mg/1Total Dissolved Solids (TDS) near the major river (49 percent), to moderate salinity between 1000-3000 mg/1 TDS (15 percent) and high salinity with more than 3000 mg/1 TDS (36 percent), farther away. Some 14.2 million acres are underlain with groundwater having salinity less than 1000 mg/l TDS, 4.54 million acres with salinity from 1000 to 3000mg/l TDS and 10.57 million acres with salinity more than 3000 mg/l TDS.
16.
Water losses in agriculture, which is highest user of water (93 percent), are abnormally high because of (a) evaporation; (b) seepage; and excess discharge into the sea which aggravates the water scarcity further. The evaporation losses are not only hard to account for, but also difficult to control. According to estimates, losses due to seepage are high: around 25-30 percent of available water is lost in canals and water courses, followed by another 25-40 percent in water application. Although this seepage recharges the underground aquifer (and is recoverable), a significant supply is lost to saline aquifers. 28 Controlling this loss requires heavy investment in water infrastructure. As far as discharge into the sea is concerned, this is a function of the seasonal mismatch in water inflow and its usage; available storage; and the need to maintain a balance between sea-water and freshwater in the coastal areas. 17.
Of the 106 MAF of irrigation water that goes into the system, only 41 MAF reaches crops, a loss of about 61 percent of the water delivered at the canal heads (Table 5) . About 25 MAF are lost in watercourses and 17 MAF in fields, the most vulnerable components of the irrigation system. Therefore, inefficient use of water is a major challenges facing Pakistan's agriculture. The economic cost of water is estimated at $1-2 billion per MAF and by virtue of it, at the lower level, Pakistan wastes a potential of $65 billion (22% of GDP) every year.
18.
Water productivity is considerably low in Pakistan compared to other countries. The crop yields, both per hectare and per cubic meter of water, are much lower than international benchmarks (Table 6 ). This is due to excessive reliance on traditional irrigation methods (flood irrigation) which causes huge water losses due to excessive run-off, deep percolation and evaporation. It not only damages the land quality (water logging), but also reduces crop yields as excessive water leaches the nutrients out of the root zone. 30 
19.
Water Use and Intensity.-Water withdrawals globally have increased as result of rising population and economic growth. It has risen by a factor of 40, from 100 BCM in year 1700 to 4,104 BCM in 2010, exceeding 11-fold increase in population over the same period and far less than 144-fold increase in global GDP, surging from US$ 371 billion in 1700 to US$53,394 billion. 31 Table 7 includes 10 countries withdrawing the most water, seven populous countries in the world, six largest economies and five countries with the most land cultivated for agriculture. Pakistan's water use per unit of income is the highest which indicates inefficient use of water. 
20.
As noted in Figure 2 , energy sector is now the biggest contributor to GHG with 46 percent share of which 26 percent is attributed to electricity consumption, 25% to manufacturing, 23% to transportation and the remaining 25% to other energy subsectors, followed by the agriculture sector (45 percent), industrial process (4 percent) and other activities. It is estimated that extracting 1 m3 groundwater required 0.820 kWh of energy in Pakistan. It requires around 43 billion kWh to pump 52 BCM of groundwater which is increasing GHG emission in Pakistan.
VI.
Climate Change in South Asia
21
. Table 8 provides a summary of observed climate change in South Asia, based on Working Group II Report of IPCC's Third Assessment 32 , which characterizes variability by increase in air temperature which are more pronounced during winter than in summer and precipitation with decreasing trend in annual mean rainfall in the coastal belts and arid plains of Pakistan.
22
. Table 9 provides a summary of observed changes in extreme events and sever climate anomalies in South Asia. 33
23.
Observed 
24.
Pakistan's geographical location and socioeconomic fragility makes it one of the most vulnerable countries to environmental, social and economic implications of climate change. 35 The Hindu Kush-Karakoram-Himalaya (HKH) region from where Indus Basin originates is susceptible to climate change as it is influenced by three major weather systems: 36 (i) the sub-Mediterranean regime of winter, westerly storms; (ii) Indian summer monsoon originating in the Bay of Bengal; and (iii) Tibetan anticyclone.
25.
Pakistan is classified as Arid country. Table 10 37 reflects the extent of dry areas showing that around 11 percent of the area has annual rainfall of 250-500 mm, about one half has rainfall ranging from 150-250 mm and about one-third has less than 150 mm annual rainfall. 
27.
Precipitation and Rainfall.-Pakistan experiences all the three types of rainfall: orographic, frontal and convective depending upon the location and season of the year. Pakistan's total annual precipitation ranges between 500mm and 800 mm with northern half receiving the higher share from both winter and summer. Southern parts of Pakistan (Balochistan and Sindh) receives 50 percent of the northern. Sindh adjoining the coastal belt covering the Indus Delta receives better rainfall than upper Sindh. Visible changes have been observed in precipitation pattern, cropping patter, droughts, water availability periods, frequency and intensity of heat waves and weather induced natural disasters in Pakistan. Winter now is experiencing significant decline in precipitation in northern mountainous region during the last few years. Summer precipitation in northern parts has decreased in terms of total amount but its inter-annual variability has increased.
28.
Southern parts of Pakistan, particularly the Indus Delta, demonstrating a moderate increase in rainfall due to localized heavy spells during monsoon season. Nevertheless, this is not supporting the socio-economic activities as heavy soils with poor drainage leave the rainwater stagnant destroying the standing crops. 1960 to 1997 witnessed inter-annual variability of mean daily temperature. However, failure of summer rains due to El~Nino effect in 1998 affecting 75 out of 106 districts in Pakistan with drought. 41 The precipitation during the years 1997-2000 over most of Pakistan was less than 50 percent of the normal and heat continued to persist causing severe loss to agriculture production. Recent changes and extreme weather events are at Box 1. 42
29.
Water and agriculture sectors are most sensitive to climate change. Agriculture. Increasing temperature, severe drought, flood conditions, and soil degradation are expected to affect agriculture productivity. Forest ecosystems are likely to suffer from floods and increased melting of permafrost regions. Increasing temperature would negatively affect yield. However, increased irrigation offset this negative effect. 43 wheat yields in tropical parts of South Asia where these crops are already being grown close to their temperature tolerance threshold. 44 Wheat yields are predicted to decline by 6-9% in sub humid, semiarid, and arid areas with 1°C increase in temperature, 45 while even a 0.3°C decadal rise could have a severe impact on important cash crops like cotton, mango, and sugarcane. Rainfed wheat grown at 450 ppm CO2 demonstrated yield increases with temperature increases of up to 0.8°C, but declines with temperature increases beyond 1.5°C; additional irrigation was needed to counterbalance these negative effects. 46
30.
Agriculture sector is the major water user consuming 93 percent of water, far higher than the domestic (5 percent) and industrial sector (2 percent). Of the total cropped area of 23.4 million hectares (Mha), 18.63 Mha is irrigated, 77 percent of which is located in Punjab, 14 percent in Sindh, 5 percent in Khyber Pakhtunkhwa (KPK), and 4 percent in Balochistan. 47 3.8 Mha is under spate irrigation farming system (includes Sailaba/Rod Kohi, riverine and Barani). 48 The potential area under spate irrigation is estimated to be around 6.935 Mha. Evidence also suggests that crops grown 49 in irrigated as well as spate farming areas are sensitive to water availability and temperature variability. :2010 : -2011 The spate irrigation farming system refers to a type of water management unique to semiarid environments. Flood water from mountain catchments is diverted from river beds and spread over large areas. 49 The major patterns of crops in Pakistan include: (i) rice-wheat, (ii) maize-wheat, (iii) cotton-wheat, (iv) sugarcane-wheat, and (v) coarse grain-wheat, and some other minor crops patterns, such as pulses, vegetables, etc.
Box 1. Extreme Weather Events in Pakistan 1999-2017
Cloud Burst Events: 2001 , 2003 , 2007 , 2008 , 2009 , 2010 , 2011 , 2017 Prolonged Drought: 1999 -2002 River Flooding: 2010 , 2011 , and 2014 Tropical Cyclones: 1999 , 2001 , 2004 , 2007 ,2009 ,2010 , 2011 Severe Urban Flooding: 2001 , 2003 , 2007 , 2008 , 2009 , 2010 , 2011 Heat Waves in Spring: 2006 , 2007 , 2010 , 2011 2004, 2006, 2007, 2009, 2010 and 2011 31.
The evidence suggests that an increase of 10C in mean temperature would reduce wheat yield by 5-7 percent in Pakistan, a major staple food in Pakistan (Sivakumar and Stefanski, 2011) . Cereal crops are already at the margin of stress. An increase in temperature is likely to result in decline in yields mainly due to shortening of crop life cycle. Direct impact is associated with rise in temperature. However, water availability and changes in soil moisture, pest and disease incidence would have indirect impact. The most vulnerable would be the small landholders and rain-fed farmers and possess low financial and technical capacity to adapt to climate variability and change. Expected decreases in yield by 2050 range between approximately 6-12% for cereal crops and 5-13% for vegetables and tropical fruits.
32.
Following vulnerabilities in agriculture and water sector have already been observed in the Indus Basin: ▪ Shortening Length of Growing Period. Increase in average temperature is expected to shorten growing season cycle (Growing Degree Days) maturing the crops earlier which would affect crop production.
▪ Yield Losses. Shortening of the crop cycle may lead to yield-loss and the rainfed areas of wheat production in South and Southeast Asia are likely to suffer substantial losses. The drop in yield in non-irrigated wheat and rice would be significant for a temperature increase incurring farm level net revenue, depending on regional difference. 50 ▪ Production Loss in arid and semi-arid areas. Rising temperatures, resulting in enhanced heat and water stress conditions, particularly in arid and semi-arid regions leading to reduced agricultural productions.
▪ Projected Recession. Rising atmospheric temperature is likely to increase the glacier melt resulting in increased flooding in the next 2-3 decades (IPCC-2014) followed by receding water availability for agriculture. It would affect inter-annual pattern of rivers flows, increased dependency on rainfall and may threaten energy security (Hydropower).
▪ Increased Evaporation. Evapotranspiration losses (evaporation from soil surface as well as transpiration from the plant leaves) will increase with rise in average temperature implying increased irrigation water to maintain plants' optimum growth. (Table 12 ).
▪ Salinity. 27 percent of the area is salt affected (Table 13 ). 51 Rise in temperature is likely to aggravate the challenge of salinity further as evaporated waters leaves salts on surface soil. Makhdum and Ashfaq suggests that salinity and waterlogging are negatively associated with wheat production 52 besides having adverse social and economic implications. ▪ Extreme Climate Events. Frequency and intensity of flash floods, cloud bursts, droughts, cyclones, hail storms, and dust storms is likely to increase in future (IPCC 2014) which could spoil standing crops and cause food security challenge.
VIII. Climate Change Risk Perception and the Farmers
33.
Farmers' decisions to pursue adaptation strategies are influenced by their perceptions of the risks associated and their experiences with climate variability. The upturn in the intensity of climate variability impacts at farm level would drive farmers to perceive threat of climate change and to take preventive measures---adaptation strategies---acquiring new technologies, adjusting current practices and agriculture insurance, etc. Understanding the relationships between farmers' climate change beliefs, risk perceptions, and attitudes towards innovation and adaptation is a key step towards formulating a comprehensive climate change policy. 56 Based on their risk perception about changes in climate, the farmers and stakeholders can adopt any one of the following strategies for mitigation: Adjustment in current practices to cope with increasing climate variability, in inputs and crop choices, cropping pattern, and scale of production. Framing of policies and legislation to deal with the risks and challenges.
Mainstreaming involves the integration of information, policies and measures to address climate change into ongoing development planning and decision-making making a more sustainable, effective and efficient use of resources rather than designing and managing climate policies in isolation. 57
Huq and Ayers (2008) proposed a framework for mainstreaming at the national level (see Figure  5 ). 58 Figure 5 . Four Step to Mainstreaming Climate Change
35.
Step 1 in mainstreaming climate change needs investment in developing national level capacity to generate local appropriate evidence to ensure that adaptation priorities are country owned and locally responsive.
Step 2 suggests presentation of required information to the decisionmakers and highlights the needs for policy response.
Step 3 
• Awareness Raising • Building Capacity
Step 1 Step 3
Pilot Activities • Mainstreaming • Building in lessons to policy and planning to make make adaptation part of "business as usual
X. Approaches to Adaptation
36.
Recent literature on climate change suggests two principal strategies for developing climate resilience: mitigation, which concerns all policies and measures aimed at reducing the emission of GHG such as CO2 or at capturing them in forests, oceans, or underground reservoirs; 59 and adaptation, which seeks adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities (IPCC). Article 4.1 of the United Nations Framework Convention on Climate Change (UNFCCC) requires of the parties to factor in climate change adaptation in development planning and develop National Adaptation Programmes of Action (NAPAs) under the UNFCCC and that NAPAs should be mainstreamed into national development planning processes.
37.
Climate change adaptation is aimed at reducing the vulnerability of natural, social, economic and institutional systems to such climate variability. It requires developing adaptation priorities through vulnerability assessments to address adaptation deficit such as climate smart agriculture, water use efficiency, rehabilitation and maintenance of water drainage systems, forest cover loss and soil erosion, land use and coastal protection and flooding in rural and urban areas due to poor development. It will help in building resilience (see figure 6 ). Recommendations for Adaptation in Agriculture Sector
39.
It is in this context of potential economic consequences that Pakistan needs adaptation measures urgently to reduce the likely adverse impacts of ensuing from climate change. These include:
Redefining Agro-Ecological Zones: Pakistan is classified in nine agro-climatic zones by Pinckney (1989) and ten agro-ecological zones. 61 These zones were last defined during the 1980s. Since then, not only the soil has undergone changes but also the the impact of climate change is getting visible. The availability of surface and underground water, and rainfall variations have been observed. These changes necessitates redefining Agro-ecological zones in Pakistan.
(ii) Water Management System: As highlighted supra, water losses in Pakistan are abnormally high (61 percent of the total water availability) because of evaporation, seepage and excess discharge into the sea which exacerbates the water scarcity. Provincial Irrigation Departments are not well equipped to count water evaporation or seepage. The water management system is in poor shape and is managed in traditional way. Therefore, it is critical to build institutional capacity of Provincial Irrigation Departments as well as at the Federal level for developing water accounting system, both surface and groundwater, establish technology driven evapotranspiration based water monitoring and management system.
(iii) Water pricing and subsidies. Water subsidies generally benefit upper-income groups in developing economies, as the poor often have limited or no water access. Current water pricing in Pakistan and agricultural input and crop subsidies (fertilizer, pests, sugarcane) promote water-intensive cropping (sugarcane and rice). Similarly, subsidized electric supply for tube-wells encourages over-abstraction of ground water and poor irrigation practices. The federal and provincial governments may have a deeper look at the current subsidies regime and water pricing to align with the challenges caused by climate change. It requires gradual phasing out of current subsidies and divert a part of these subsidies to promote climate resilient agriculture and smart water management as well as efficiency. management system will help better monitoring the irrigation water consumption at field level and its pricing as well as full cost recovery. The system will be able to store data of water consumption over a period of time and can monitor shifts in water consumption and improvements.
(iv) Establish Early Warning System: Given the variability in climate and precipitation, it is important to build human and technical capacity and to equip local systems for effective response to climate risks for sustaining agricultural growth rates and improving rural livelihood. The Government must prepare a short, medium, and long term plan for installing automated weather stations from provincial to district levels for weather forecasting in terms of rainfall and frost and establish central linkage with Global Information Early Warning System for early warning of drought conditions.
(v) Establish Agri-Climate-Water Information Portal: The above arrangements will necessitate to establish Agri-Climate-Water Information Portal at the Federal as well as Provincial level to disseminate timely information to the farmers to adjust to the changes quickly. It will help in building farm level and farmers 'resilience to climate change.
(vi)
Research on and dissemination of climate resilient agriculture: Location specific research and climate resilient agricultural technologies require considerable investment and effective systems of extension and dissemination. The Government in collaboration with the private sector as well as development partners can play a key role in encouraging research, modernizing extension system and facilitating the adoption of climate resilient technologies, such as, drought-pest and saline resistant crop varieties.
(vii) Strengthening Extension System. The current extension system is not geared to deal with climate change risks and effective response regime. It will need restructuring of the department, retraining extension workers and equipping them (ICT based) to strengthen extension services. The government may establish information kiosks, community agro-climatic atlases and service centers to provide farms farmers with real time climatic information. Such arrangements can also remove existing barriers to adaptation. The government may also harness the potential of private sector which is currently involved at various places, such as Engro, Telenor, etc. It will also help engaging the rural educated youth in agriculture and water management.
(viii) Shift in cropping pattern. The provincial extension services need to educate and reorient farmers to planting resilient crop varieties, changing planting dates, and adapting farming practices to a shorter growing season. Early maturing varieties of maize-a moderately adopted adaptation strategy---in KPK is considered as climate smart given its strong effects on productivity improvement. Pest tolerant varieties of onion are also widely adopted in Punjab and Sindh provinces. Likewise, drought tolerant varieties of wheat and cotton, and heat tolerant varieties for cotton are being practices across in Pakistan. In addition to adjusting crop calendars and planting dates, maintenance of proper row spacing, constructing agroforestry, and crop rotation with legumes (wheat-maize) practices are also needed to be encouraged. What is needed is organized and effective extension services and awareness.
(ix) Rehabilitation and maintenance of irrigation systems. Irrigation systems in the provinces requires proper maintenance to avert water losses. It is important to develop water storages, improve irrigation systems, and increase access to water in dry land farming areas and areas vulnerable to recurrent droughts. Flood-prone areas may be equipped with improved drainage systems and flood protection works. There is a need to develop capacity of Provincial Irrigation Departments to plan for shifting from "Build-Neglect-Rehabilitate" philosophy to allocate resources for maintaining the irrigation infrastructure on sustainable basis.
(x)
Laser land-levelling. Poor field design and surface unevenness cause water accumulation or leave dry pockets resulting in water losses. Resultantly, germination is often inconsistent and uneven growth of crops. The use of laser beam allows farmers to achieve uniformity in field preparation for uniform water and moisture distribution. Some of the provincial governments are promoting laser land-levelling techniques which will discourage flood irrigation and efficient use of scarce water resource.
(xi) Zero-Tillage. Farmers in Punjab and Sindh are moving to zero-tillage (rice-wheat crops). Wheat is planted immediately after the rice harvest without tilling the land and shallow channels sufficiently deep for seed germination, minimizing the soil disturbance and maximizing carbon storage. Soil ripping is yet another water-efficient technique.
(xii) Conservation of soil and water. The extension staff in coordination with irrigation department may train the farmers in soil and water conservation techniques, such as dry seeding or rice, furrow irrigation, and drip irrigation. It can help in improving productivity of land and scarce water resources. The provincial governments in Pakistan have already embarked upon a phased program of lining canals, water courses and high efficiency irrigation system.
(xiii) Rain-fed Areas. Development policies in the agriculture and water management sectors generally neglect the needs of rainfed agriculture relative to the policy support provided to high potential irrigated areas. This underinvestment has contributed to an adaptation deficit especially in dry-land areas. Moisture limitations resulting in chronically low crop productivity in rainfed cropping systems are generally attributed to poor seasonal distribution of rainfall regarding sensitive crop growth and low utilization of incident rainfall by the crop. Farmers of rainfed areas can better manage risks associated with climate change and narrow adaptation deficit by adopting rainwater harvesting, improved soil fertility management, and soil conservation practices. Better capture and utilization of rainfall through rain water harvesting (RWH) is a priority issue for enhancing climate risk management in semiarid and dry subhumid rainfed agriculture areas and will thus better position these systems to adapt to climate change.
(xiv) Integrated Pest Management (IPM). It aims at promoting natural pest control methods and reducing environment and human impacts. IPM is considered to be highly climate smart along with bio-fertilizer, bio-pesticides, and weed control practices which can reduce GHG emission and solid waste pollution. To control white fly population in chili crop, natural predators such as ladybugs, lacewings, or whitefly parasites are released.
(xv) Policies for managing barriers and risks. The government needs to recognize that barriers to adaptation often exist because of policy shortcomings, weak forecasting and early warning systems, markets and pricing of agricultural produce, resource constraints including lack of credit or savings, lack of access to quality seeds and inputs and inadequate agricultural research and technology. To mitigate this high degree of uncertainty, the provincial governments need to introduce new innovative financial mechanisms to protect the agricultural assets of the farmers, such as, crop and livestock insurance, social safety nets for the most vulnerables, research on and real time dissemination of flood, heat and drought resistance crops, and conservation of traditional plant varieties. Mapping vulnerable areas and developing and implementing area/region specific contingency plans will help better preparing communities/farmers for climate variability challenges.
(xvi) Complimentary reforms. These measures may be combined with complimentary reforms including contract farming, grading of produce, right pricing and better market access for high-value products. Mainstreaming climate change and climate-risk issues into broader economic and development agenda is critical. Pakistan is already making considerable headway to incorporate renewable energy technologies into its agricultural production system including windmills, solar panels, and bio-energy production units for water supply and storage.
(xvii) Livestock Sector. Livestock diet improvement can improve both their productivity and reduce methane emission. Feed conversion efficiency can be improved through: (i) replacement of roughages with concentrates and a change in composition of concentrates and a change in composition of concentrations; (ii) modification in feeding (e.g. alkali/ammonia treatment of low digestibility straws); (iii) supplementation with molasses or urea nutrient blocks. 62 (xviii) Reduction in Carbon Dioxide. Carbon dioxide emission can be reduced by slowing deforestation; changes in agricultural land management such as conservation tillage, agroforestry, and rehabilitation of degraded crop and pasture land, utilizing storage and capture technologies for manure; and conversion of emissions into biogas.
Other Adaptation Strategies:
40.
Stakeholders can adopt the following strategies to deal with various challenges emerging out of climate change in Pakistan (see Table 14 ).
Conclusion
41.
Post-devolution following the Eighteenth Constitutional Amendment, the provincial governments have a vital role to play in addressing the challenges of climate change. They need to develop an effective framework for mainstreaming climate change in agriculture and water sector focusing on support for climate action, identifying effective strategies and measures to remove barriers for behavioral change. Governance of successful climate change actions and reform at provincial level must include:
Institutional Coordination. The provincial governments must establish political and bureaucratic mechanisms for creating synergies and effective coordination amongst key departments and policy makers. This must be supported by ICT based Monitoring and Evaluation system for regular monitoring of implementation and decisions.
(ii) Establishing Adaptation Fund. Each provincial government may establish adaptation fund and seek support from various sources to finance climate change adaptation strategies and mitigation program and foster an enabling environment that promote private sector investment in climate actions.
(iii) Removal of Barriers. Each provincial government and the federal government must identify current economic, financial, institutional and social policies that create barriers to effective climate actions; reevaluate the benefits and cost of such policies and develop a plan to phase out such policies. (viii) Research and Development: R&D is necessary to build the evidence base for mitigation intervention and technologies. R&D is also imperative to increase the supply of new technologies for mitigation and adaptation, which includes better agriculture inputs, modern farm level practices, climate resilient crops, genetic potential of indigenous livestock and providing information to farmers about forage for animals.
42.
The provincial policy framework must be consistent with sustainable development goals, Pakistan's commitment under the Paris Accord and the challenges faced by Pakistan in agriculture and water sectors. The provincial governments must take leadership and guide an informed dialogue on sustainable development, promote technological innovation and facilitate stakeholders in capitalizing opportunities on climate action.
Page 30 of 32 farm-level and regional contingency plans, providing technical support through extension services and knowledge transfer programs, and disseminating information on flood risk reduction and emergency preparedness.
Meet local technological demand by creating flood resistant crop varieties, creating early warning systems, and on-farm flood water storage and drainage equipment.
Droughts
Receding glaciers, variable precipitation, and declining snowmelt over time will decrease the water flow in the Indus River Basin, increasing the risk of severe droughts (World Bank 2013). Lack of irrigation water and soil degradation in drought conditions will decrease crop yields and agricultural incomes. A severe drought might lead to a significant reduction in food production and increase the risk of famine.
• Sustain crop yields by Switching to droughtresistant crop varieties, adjusting the crop-livestock mix, building soil health.
• Buffer the risk of crop loss by procuring crop insurance and diversifying household income to non-farm sources • Ensure adequate irrigation applications by installing water catchments (storage ponds), adopting efficient irrigation systems (drip irrigation) Support farmers by instituting farm insurance schemes, improving disaster preparedness, creating wateruse priority plans, creating farm-level and regional contingency plans, providing technical support through extension services and knowledge transfer programs, disseminating information on drought risk reduction and emergency preparedness Meet local technological demand by creating drought resistant crop varieties, creating efficient irrigation systems, creating farm-level water management tools.
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Challenge Effect Farmers Government Research Institutions Soil Degradation
In semi-arid areas such as Punjab, changes in temperature, precipitation, and wind patterns can lead to significant soil degradation, including loss of vegetation and organic matter, wind and water-induced soil erosion, soil acidification, and soil salinization (Huang et al. 2015) . Since soil degradation adversely affects crop yields and agricultural incomes, effective adaptation measures have to focus on improving soil health and reducing soil erosion.
• Improve soil quality by adopting soil conservation practices (zero-tillage, soil ripping), building soil health through application of organic nutrients and compounds 
